A national laboratory of the U.5. Department of Energy
Office of Energy Efficiency & Renewa ble Energy

-
D= -
‘Q,‘é’ MR=L National Renewable Energy Laboratory

Innovation for Our Energy Future

U.S. Department of Energy Next
Generation Natural Gas Vehicle (NGNGV)
Engine & Vehicle Projects

NGVTF, April 14-15, 2004, Sacramento, California

National Renewable Energy Laboratory
Mike Frailey
Margo Melendez
Richard Parish
Jarett Zuboy

NGNGYV is also supported by the South Coast Air Quality
Management District and the California Energy Commission

@
NREL is operated by Midwest Research Institute . Battelle M



Pre-NGNGV

Alternative Motor Fuels Act of 1988 (AMFA): Public law 100-494.
Encouraged the development, production and demonstration of
alternative motor fuels and AFVs.

Clean Fuel Fleet Program: Federal program requiring fleet purchase
of Clean Fuel Vehicles beginning in 1988.

Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA):
Congestion Mitigation and Air Quality Improvement (CMAQ)

Energy Policy Act (EPACT): A broad ranging act requiring
the purchase of AFVs by the federal fleet.
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NGNGV Program
Then... (2000)

NOx & PM standards- 4.0 & 0.1 g/bhp
NG R&D funding 1s flat/decline
NG vehicle sales flat/decline
Difficult business case
Fleet
OEM development
Federal incentives- transit bus
State (CA) incentive
Carl Moyer

NGNGYV established to coordinate R&D efforts
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NGNGV Program

Workshops

Engine and vehicle OEMs, fleet operators, industry and trade
associations, funding partners, utilities and fuel distributors,
equipment suppliers, national labs and research groups, industry
research groups, consultants and universities
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NGNGV Program

Workshop Results (for engines & vehicles)

Engine R&D to meet proposed 2007/10 emission
standards (0.5 NOx, 0.01 PM)

— Lean-burn
— Stoichiometric
— Exhaust After-treatment

Market Research: Identify & define best application
Near-Term Engine/Vehicle needs exist right now!
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NGNGV Program

Commercialization

Near-Term Engine/Vehicle
Development

Long-Term Engine/Venhicle
Development

Engine Laboratory
Development

Proof of Concept




NGNGV Program

Now... (2004)
NOx & PM standards- 2.5 NOx + nmHC, 0.1 PM
NG R&D funding flat/declining
NG engine/vehicle sales flat (domestically)

Difficult business case
Fleet
OEM development

Emissions based incentives diminishing
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NGNGV Program
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

20T No, Standard
TeleflexGFI
" Proof of Concept
18 (COMPLETED)
- — 6.0L GM, 286 hp/317 ft-Ib
(Class 3)
- SING stoichiometric w/TWC
10 Emission tests demonstrated
" 0.08 NOx, 0.002 PM (FTP LD)
06 o
-2 4 &z
0.4
- 29 o,
(PM=0.01 g/bhp-h)
0 ﬂ
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ACTUAL/ANTICIPATED COMPLETION DATE

:
. Jub J =
"“* .‘IE='— Mational Renewable Enqrgy Laboratory




NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

20T No, Standard
Clean Air Power
" Proof of Concept
16 (COMPLETED)
- gk 12.0L Caterpillar G-12, 410
hp/1,250 ft-1b (Class 6-8)
= Dual-Fuel W/EGR & CDPF
10 Emission tests demonstrated
0.8 0.54 NOx, 0.004 PM (ESC 13)
06 Xy
24 8
0.4
& QG5 A
(PFM=0.01 g/bhp-h)
) 4
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ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

20T No, Standard
Cummins Westport
" Proof of Concept
18 (COMPLETED)
- — 5.9L CWI B-Gas Plus, 230
hp/500ft-Ib (Class 3-6)
- SING lean burn w/LNA
10 Emission tests demonstrated
08 0.15 NOx, 0.01 PM (AVLS)
06 o
-2 4 s
04
- 205 o
(PFM=0.01 g/bhp-h)
) 14
2002 2003 2004 2005 2006 2007 2008

ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

201 No, Standard
Cummins Westport
" Proof of Concept
18 (COMPLETED)
- — 15.0L CWI ISX-G, 450 hp
1,650 ft-lb (Class 8)
= HPDI W/EGR & oxidation
10 catalyst
0.8 Emission tests demonstrated
0.6 NOx, 0.03 PM (FTP)
06 &
@ &
0.4
- 29 o,
o (PM=0.01 g/bhp-H)
0
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ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

0.4

NGNGYV Projects

. ~Current EPA
NO, Standard

John Deere Power Systems
Near-Term EnginefVehicle
Development

8.1L NG 6081, 280 hp/200 ft-lb
(Class 6-7) in Transit Bus

SING lean burnh w/advanced
engine controls, LNG-capable
injectors, & oxidation catalyst

Target: June 2004, 1.5 NOX,

& 0.05 PM (FTP
o W (FTP)
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- EPA 2010
he B YOS NO, Standard
(PM=0.01 g/bhp-h)
L4
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ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

201" No, Standard
Cummins Westport
" Near-Term Engine/Vehicle
16 Development
o B 8.9L CWI L-Gas Plus, 320
hp/1,000 ft-Ib (Class 6-8) in
{.2 Refuse Truck
10 SING lean burn w/fadvanced
engine controls & oxidation
B catalyst
18 o L | Target: September 2004, 1.5
- “[NOx, 0.05 PM (FTP)
= GO T
(PM=0.01 g/bhp-h)
) Y
2002 2003 2004 2005 2006 2007 2008

ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

201" No, Standard _
L Cun*!mlns
Engine Laboratory
18 Development
- i 8.3L C, 310 hp/950 ft-Ib (Class
3-6)
= SING stoichiometric W/EGR &
1.0 TWC
0.8 Target: June 2005, 0.2 NOX,
0.01 PM, 0.01 formaldehyde
18 o L | (FTP), 40% peak thermal eff
0.4
" @ pis s
(PM=0.01 g/bhp-h)
) Y
2002 2003 2004 2005 2006 2007 2008

ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

207 No, Standard
L Mac.k
Engine Laboratory
18 Development
- S 11L Mack, 325 hp/1,250 ft-Ib
(Class 6-8)
= SING stoichiometric wAVT,
1.0 EGR, & TWC
0.8 Target: August 2005, 0.2 NOx,
0.01 PM (Mack 16)
06 Xy
& s
0.4
- L% o
(PM=0.01 g/bhp-h)
) Y
2002 2003 2004 2005 2006 2007 2008

ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

207 No, Standard
Mack
" Long-Term Engine/\VVehicle
18 Development
- gk 12L Mack, 325 hpf1,250 ft-Ib
(Class 7-8) in Refuse Truck
= SING stoichiometric W/EGR &
1.0 TWC
08 Target: 1Q 2006, 0.5 NOx,
0.01 PM (FTP)
06 Xy
& g
0.4
» Y% e
(PM=0.01 g/bhp-h)
) 4
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ACTUAL/ANTICIPATED COMPLETION DATE
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NOy (g/bhp-h)

. ~Current EPA

NGNGYV Projects

20 1" no, Standard
TeleflexGFI
18 Long-Term Engine/\VVehicle
- Development
» e 8.1L GM, 270 hp/400 ft-1b
(Class 3-6)
e SING stoichiometric w/TWC
19 Target: Sept 2005, 0.2 NOx,
08 0.01 PM (FTP LD)
0.6 L3
27 L 8
0.4
= 90 i g
(PFM=0.01 g/bhp-h)
) X
2002 2003 2004 2005 2006 2007 2008
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NGNGV Program

SING development is progressing
Near-term commercial engines available soon
SI, EGR, TWC product aiming at 2010 stds
DING product laboratory demonstrated
Needs more R&D for 2010 capability




